The construction industry is responsible for 40 to 45% of primary energy consumption in
In this study, samples of ceramic material have been used, made with products and resources 100 from the nearby geographical area (Bailén, Jaén). The manufacturing process, including the throughout the life cycle of products, services or processes. It also allows the determination of the 106 impact of any of the phases independently from the rest.
108

Development of fired clay samples
109
The first sample is a reference sample without additives (BYRC). It contains 100% clay which 110 originated in Bailén (Jaén, Spain). Clay has been provided by a company in the sector. First, it will be 111 crushed to obtain a powder with particles of approximately 3 mm, to promote thermal conductivity 112 [29, 30] .
114
For the second sample (BB15), 85% of the reference sample (BYRC) was separated, to which 15% 115 of barley bagasse was added as an additive and mixed in a laminator to improve the homogeneity,
116
obtaining a sample with a biological basis.
118
The bagasse, provided by the Heineken brewery (Jaén, Spain), located in Jaén's capital, was 119 crushed and sieved to obtain a milling of less than 0.5 mm. The amount of incorporated additive was 120 chosen in line with previous studies [31] .
122
The required amount of water was added to obtain the desired moisture and plasticity that are 123 necessary to avoid defects in the structure during the process. Subsequently, the samples were 
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Life-cycle analysis (LCA)
130
The life cycle analysis was carried out using the ISO 14040 standards [32] 
134
The evaluation of the life cycle was carried out following the process to obtain the clay 
140
In order to build the inventory of production and establish the scope of the study, the functional 141 unit is defined as the production of 1kg of clay with a fixed thermal resistance.
with the production of these new samples, thus performing the analysis known as 'Gate to Gate. ' 
148
The system studied uses raw materials from the laboratory (clay, sand, water and vegetable 149 matter) and takes into account the energy consumed in production (sieving, drying and firing), to 150 overcome the potential limitations, the initial hypotheses are defined as follows:
152
• The electricity used considers that the production mix corresponds to the Spanish energy 153 production system.
154
• The cleaning of the different devices used in the process is dismissed since it is not a 155 considerable percentage.
156
• The transport of material from the quarry, or from the factory to the laboratory, is not 157 considered as it is a gate to gate study.
159
The evaluation of the life cycle impact of the use of bagasse for brick construction was carried 
177
The inventory data was obtained directly from the experiments or through the use of data 178 collected from industrial producer partners or from bibliographic references ( 
230 231
The reference sample, without a pore-forming agent, shows the maximum impact in the 12 232 impact categories. Therefore, in the three categories of damage, human health, ecosystem and 233 resources, with a gap or difference from the other scenarios between 10% and 22%. In Figure 3 , the 234 impacts of the two samples are compared showing that, in general, the base sample (BYRC)
235
produces a greater impact than the sample to which biological material has been added 236 (BB15). Likewise, the electricity consumption is higher in the base sample, so the aspects relating to 237 resources are affected in the final result. 
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In Figure 4 , the impact of the samples to human health, ecosystem and resources can be 244 observed. In the base sample (BYRC) the impact is greatest, with human health and resources,
245
showing the greatest difference. This is motivated by the need for fewer raw materials in the 
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Performing an analysis of the samples using the single score, it is easy to determine the impact 257 percentages that each sample has on the three aspects to be considered with the ReCiPe Endpoint v 258 1.12 methodology. As can be seen in Figure 5 , the base sample (BYRC) has the greatest impact. 
269 270
Results in figures 6 to 8 show the quantities of the flows that produce the greatest impact; 271 resources, air emissions and impact on human health. The greatest impact is the emission of CO2
272
into the atmosphere, mainly due to the electrical energy consumed in the firing phase, followed by 296 297 Figure 9 shows that of the 15 indicators, 11 contribute the greatest impact and correspond to the 
309 310
We can see in Figure As a summary, in Figure 12 , we note that a considerable improvement is achieved in the 328 reduction of impacts in all categories, the most considerable being that of resources. 333 334 335
Conclusions
337
In this investigation, the environmental impacts of two brick samples have been studied using 338 life cycle analysis, one with a traditional make-up and the other with a mixture of clay and a 339 biological agent. In addition, the results have been verified using two different methodologies.
341
For the biological sample, a vegetable additive, specifically barley bagasse, has been 342 incorporated into a traditional clay base, to check for improvement in the aspects of insulation,
343
weight and environmental contamination. The study focuses on the environmental impact of the 
